We describe a quantitative histochemical method for demonstration of five N-acetyl-glucosamine binding lectins in the syncytiotrophoblast of human term placenta. The method employs biotinylated lectins and alkaline phosphataseconjugated avidin. The alkaline phosphatase activity is detected by using 5-bromo-4-chloro-indoxyl phosphate as the substrate and nitroblue tetrazolium as the capture agent. The effect of 13 fixative solutions on specific lectin binding and nonspecific background staining was quantified by microspectrophotometry. Acid fixatives or fixatives containing mercuric chloride, e.g., Carnoy's and Zenker's fuatives, gave intense specific leain binding and low background staining. Glutaraldehyde, carbodiimide, and ethanol resulted in low specific lectin binding and a very high background staining that was mainly due to endogenous placental alkaline phosphatase. Lectin binding to N-awl-galactosamine, mannose, galactose, and fucose was also significantly higher in sections from tissues fixed in an acid fuative compared with a neutral buffered fixative. Unfixed cryosections revealed a considerably lower degree of specific lectin binding compared with sections from fixed tissues. The activity of endogenous placental alkaline phosphatase was inhibited dosedependently by mercuric chloride and decreased with L-phenylalanine concentration over the range of 7.8 x M, after which there was no further inhibition. Calf intestinal-type alkaline phosphatase conjugated to avidin was not inhibited by 5 x 10 -* M L-phenylalanine. Endogenous placental biotin did not contribute significantly to background staining. Despite the high level of placental alkaline phsophatase, the intestinal-type alkaline phosphatase can be used as a marker enzyme in the sensitive ABC technique, provided that the nonspecific background is measured and subtracted. Moreover, it is advisable to use an acid-andlor mercuric chloride-containing fixative and to add Lphenylalanine during incubation steps. (JHistochem Cytochem 44.~355463, 19%) 
Introduction
The placenta is a barrier at the maternofetal interface across which several substances are transported with the cooperation of various receptors, which often contain carbohydrate components that may determine their specificity (3335). Moreover, placental carbohydrates are possible candidates for a role in regulating the maternal immune response to fetal antigens (12) .
In principle, carbohydrates can be detected by lectin histochemistry. Lectins are proteins or glycoproteins of nonimmune origin that are specifically bound to sugar residues (32). This binding may, however, be influenced by several factors, such as neighboring and more distant sugars in the carbohydrate chain, penetration of lec-M to 5 x tin, the fixation procedure, and the sensitivity of the histochemical technique (36).
Recently, Kirkeby et al. (21) have shown that the biotinylated lectin/avidin-conjugated alkaline phosphatase procedure is very sensitive for in situ demonstration of glycoconjugates when 5-bromo-4-chloro-indoxyl phosphate is used as the substrate and nitroblue tetrazolium as the capture agent (BCIP-NBT). However, the human syncytiotrophoblast exhibits high alkaline phosphatase activity (20,31), which may cause high background staining in this procedure.
Nevertheless, the present study was designed in such a way that it was possible to use the sensitive ABC and BCIP-NBT techniques for quantitative evaluation of lectin binding to the human syncytiotrophoblast. The effects of thirteen different fixative solutions on the binding of five N-acetyl-glucosamine-agglutinating lectins (3, 7, 9, 14) were investigated. The effects of the fixatives on nonspecific background staining due to placental alkaline phosphatase activity and placental biotin were also evaluated. Moreover, h the effects of some of the fixatives on mannose, galactose, fucose, and N-acetyl-galactosamine binding lectins (1, 13, 27, 28) were also investigated. Finally, lectin binding to the syncytiotrophoblast in unfixed cryostat sections was compared with that in sections from fixed tissues.
Materials and Methods
T i e ptocesSing. Four term placentas were obtained from normal pregnant women after spontaneous vaginal delivery. The placentas were immediately brought to the laboratory, where they were sectioned into appropriate small tissue blocks. Some tissue blocks were chilled to -70°C in n-hacane, precooled by means of a methanol-solid carbon dioxide slurry.
The chilled specimens were mounted on microtome chucks and sections (8 pm) cut with constant speed at -25°C in a motorized Bright's cryostat. The sections were air-dried for 15 min at room temperature (RT) and used for lectin histochemistry. Other tissue blocks were immersed in fixatives for 24 hr. The fixative solutions were prepared as follows. (a) Spicer's fixative: 6 g mercuric chloride and 1 g sodium acetate were dissolved in 75 ml distilled water; 0.4 ml25% glutaraldehyde and distilled water were added to give a final volume of 100 ml (final pH 5.7) (17). (b) Clarke's fixative: 75 ml absolute ethanol was mixed with 25 ml glacial acetic acid (final pH 2.7). (c) Carnoy's fixative: 60 ml absolute ethanol, 30 ml chloroform, and 10 ml glacial acetic acid were mixed (final pH 3.0). (d) Bouin's fixative: 25 ml37-40% formaldehyde and 5 ml glacial acetic acid were mixed with 70 ml saturated aqueous picric acid (final pH 1.9). (e) Formaldehyde (3.6% wlv): 3.6 g paraformaldehyde was dissolved in 50 ml0.2 M sodium phosphate buffer (pH 7.2) and distilled water was added up to 100 ml (final pH 7.2). (f) Formalin (10% v/v with PBS): 10 mi formaldehyde (37-40%), 50 ml 0.4 M PBS, and 40 ml distilled water were mixed (final pH 7.0).
(g) Baker's formol calcium: 1 g calcium chloride was dissolved in 10 ml formaldehyde (3740%) and distilled water was added up to 100 ml (final pH 4.5). (h) Lillie's AAF: 8 ml formaldehyde (37-40%), 4 ml glacial acetic acid, and 68 ml absolute ethanol were mixed (final pH 3.0). (i) Glutaraldehyde (2%): 8 ml25% glutaraldehyde, 50 mlO.2 M cacodylate buffer (pH 7.2). and 42 ml distilled water were mixed (final pH 7.4). (j) Zenker's fixative: 2.5 g potassium bichromate, 1 g sodium sulfate, and 5 g mercuric chloride were dissolved in 5 ml glacial acetic acid; distilled water was added to give a final volume of 100 ml (final pH 3.5). (k) Cetyl pyridinium chloride: 0.5 g cetyl pyridinium chloride (monohydrate) was dissolved in 10 ml formaldehyde (37-40%). and distilled water was added up to 100 ml (final pH 4.1). (I) Carbodiimide: 2 g carbodiimide was dissolved in 50 ml 0.01 M PBS (pH 7.1) and distilled water was added up to 100 ml (final pH 7.2). (m) Ethanol (96%): 96 ml absolute ethanol and 4 ml distilled wter were mixed (final pH 8.3). Cetyl pyridinium chloride was used at RT to avoid precipitation, whereas all other fixatives were used at 4°C. After fmtion. the specimens were dehydrated through graded ethanols, cleared in xylene. and embedded in paraffin (Merck; Darmstedt, Germany) at 52°C. Sections were then cut at 4 pm, deparaffhized with xylene, rehydrated with graded ethanols. and used for lectin histochemistry. Some sections from fixed as well as fresh frozen specimens were stained with hematoxylin and eosin to evaluate the morphology.
Lectin€€i"q * . The following biotinylated N-acetyl-glucosamine binding lectins (all obtained from Sigma; St Louis, MO) were used: Ziticam vulgani (WGA), Grij&nia simplh~oh I1 (GS 11). Phytokcaamekana (PMW). Datura stramonium (DSA). and Lycopersicon esculentum (LEA).
Unless otherwise stated, the following standard procedure was employed. The sections were: (a) incubated for 24 hr at 4°C with lectins diluted to a concentration of 3 pg/ml with %-buffered saline (TBS) containing 1 . After a short rinse (twice for 2 min) in TBS, the sections were postfixed in 3.6% wlv paraformaldehyde (pH 7.2) for 15 min. followed by washing in three changes of distilled water for 10 min. They were finally dried and mounted in Aquatex (Merck).
Control Experiments. The influence of fixatives on background staining was investigated by omitting Step a in the standard procedure. The contribution to total background staining of endogenous placental alkaline phosphatase was investigated on sections from glutaraldehyde-fixed tissue by omitting the lectin in step a of the standard procedure and adding increasing concentrations (7.8 x 10-3-10-' M) of L-phenylalanine in Step e, or by substituting levamisole with 0.1 M L-phenylalanine in Step d. L-phenylalanine inhibits the placental-type alkaline phosphatase (18, 29) , whereas levamisole inhibits the liver type (3).
To test whether Lphenylalanine may inhibit the intestinal type of alkaline phosphatase that is conjugated to avidin, sections from Zenker-fixed tissue were preincubated for 30 min at RT in TBS alone or in TBS to which 0.05 M L-phenylalanine was added. Then the standard procedure was performed, either with or without 0.05 M L-phenylalanine added in Step e. In another series, sections from glutaraldehyde-fuced tissues were incubated in TBS for 30 min at RT, with or without 0.05 M L-phenylalanine added.
The medium was drained off and the sections were incubated in the BCIP-NBT medium, again with or without 0.05 M L-phenylalanine added.
To test whether mercuric chloride may inhibit the placental-type alkaline phosphatase, sections from 36% ethanol-fuced placenta were incubated for 30 min at RT in the BCIP-NBT medium of Step e in the standard procedure. either with (up to 2 %) or without mercuric chloride. Because addition of mercuric chloride decreased the pH of the incubation medium, incubations without mercuric chloride were performed at the same pH values that were recorded after addition of mercuric chloride. The contribution of placental biotin to the background staining was evaluated as follows. Sections from tissues fixed in 96% ethanol, 2% glutaraldehyde. or carbodiimide were incubated for 30 min in the buffer are grouped according to the statistical eduation (KruskalWIi Wt) by horizontal bars. F i x a t i i within the range of one bar are without significant diflarences at a 95% confidence limit level, as evaluated a posteriori. Fixatives outside the range of a bar are significantly different from the fixatives within that bar.
used for lectin binding. Then half of the sections were incubated for 15 min with unconjugated avidin (Sigma), diluted 1:300 with TBS (pH 7.6, 0.1 M), while the remaining sections were incubated with TBS alone. All sections were then carried through Steps d and e of the standard procedure. Any difference between the two series should give a measure of the endogenous biotin ( 2 2 ) .
Finally, the N-acetyl-galactosamine binding lectin soybean agglutinin or Glycine max(SBA), the mannose binding lectin concanavalin A (ConA), the galactose binding lectin peanut agglutinin or Arachis hypogaea (PNA), and the fucose binding lectin Lotus tetragonolobus (LTA) were employed (all obtained from Sigma) using the standard incubation procedure on sections from tissues fiied in Carnoy's fucative. formaldehyde, or glutaraldehyde.
Quantification. A minimum of 20 areas (9.42 pm2 per area) randomly selected from two consecutive sections on coded slides were scanned using a Vickers M85A scanning and integrating microspectrophotometer with the following machine settings: x 40 objective, light at the isobestic wavelength (585 nm) of NBT formazans (>), and scanning spot diameter of 0.5 pm. For each area the individual spot readings were integrated and a mean integrated absorbance over the 20 areas was calculated by reference to a standard calibration graph constructed by measuring a series of neutral density filters with known absorbance values. The instrument was linear within the range of absorbance values recorded in this study. The formazan deposition recorded in the absence of lectin was subtracted from that found in the presence oflectin to give a measure of the specific lectin binding alone.
Statistical Evaluation. Differences among multiple samples were evaluated by the Kmskal-Wallis analysis of variance. Differences were identified by a posteriori evaluation (6) using a 95% confidence limit. Differences between two samples were evaluated by the Mann-Whitney test using a confidence limit of 95%.
Results
Lectin binding was measured as a function of lectin dilution to determine the shape of the dilution curve and to select an appropriate concentration of biotinylated lectins in further experiments. With biotinylated WGA as an example, absorbance decreased with progressive dilution, following an S-shaped curve (Figure 1) . A dilution of 1:300 was then selected for all biotinylated lectins in the remaining experiments.
With DSA, PWM, LEA, and WGA, the strongest specific lectin staining was recorded after fixation with Zenker and Carnoy, whereas glutaraldehyde, carbodiimide, and ethanol all caused weak lectin binding (Figures 2A-2D ). In general incubation with GS I1 resulted in weak formatan deposition ( Figure 2E ). In contrast to the other lectins, the strongest GS I1 binding was seen after fixation with formol calcium (Figure 2E ). These results were consistently obtained with all the placentas studied.
The effect of fixatives on background staining was investigated by measuring the formazan deposition in the absence of biotinylated lectin. As shown in Figures 3 and 4 , the type of fixative dramatically influenced the intensity of background staining. Thus, Zenker's and Spicer's fixatives gave rise only to low nsnspecific staining, whereas glutaraldehyde, carbodiimide, and 96% ethanol caused very intense background staining. Fixative solutions containing formaldehyde caused moderate to strong background staining. Mercuric chloride caused a dose-dependent decrease in background staining ('Gable 1). Moreover, background staining decreased with L-phenylalanine concentration over the range of 7.8 x lo-* M to 5 x lo-* M, after which there was no further decrease in staining ( Figure 5 ) . By contrast, the background staining in sections from ethanol-, glutaraldehyde-, or carbodiimide-fixed placenta did not decrease significantly when sections were preincubated with unconjugated avidin before incubation with alkaline phosphatase-conjugated avidin followed by the alkaline phosphatase medium ( Table 2) .
Lectin binding to N-acetyl-galactosamine, mannose, galactose, or fucose was significantly higher in sections from tissues fixed with Carnoy's fixative as compared with formaldehyde and glutaraldehyde ( Figure 6 ). This rank order was achieved with all the placentas.
Unfixed cryosections revealed a considerably lower degree of specific lectin binding compared with sections from tissues fixed with the acid fixatives (Figure 7) . Moreover, the endogenous placental alkaline phosphatase showed a considerably higher activity compared with sections from tissues fixed in acid fixatives. 0.004 (0.5)b  0.055 2 0.003 (1.0) ' 0.034 f 0.002 0.027 f 0.002 (2.0)e Results are indicated as mean integrated absorbance f SD. The two groups were evaluated by the Mann-Whitney test using a confidence limit of 95%. b p = 2.4 x 10-8. ' p = 3.0 x d p = 5.3 x 10-6. c p = 1.7
10-7.
On morphological grounds, sections from fixed tissues have advantages over frozen sections. Moreover, the subjective impression was that the morphology of the syncytiotrophoblast was excellent in tissues fixed with glutaraldehyde or Zenker's fixative and good with the remaining fmtives, except for ethanol and Clarke's fixative, which caused some shrinkage of the syncytiotrophoblast.
Discussion
In an immunohistochemical study, Sternberger and Sternberger (40) compared the peroxidase-antiperoxidax (PAP) technique with the avidin-biotin complex (ABC) technique in which biotin was labeled with peroxidase. They showed that when optical density was plotted against antibody dilution, no significant decrease was obtained with the ABC technique. In contrast, with the PAP technique optical density showed an initial increase, followed by a progressively decreasing S-shaped curve. The authors proposed that the results obtained with the ABC technique might be due to steric For each fixative, half of the sections were preincubated with unconjugated avidin to block the endogenous biotin, whereas this step was omitted for the remaining sections. Further details are given in Materials and Methods. Results are indicated as mean integrated absorbance t SD. The two groups were evaluated by the Mum-Whitney test using a confidence limit of 95%. b p = 0.644.
hindrance of the complex when the concentration of antigen and/or antibody increases. We have used the ABC technique in our lectin histochemical study. However, neither steric hindrance of the ABC complex nor an initial increase of lectin binding seem to occur as absorbance decreased with progressive lectin dilution following an S-shaped curve.
The formazan deposition recorded in the absence of lectin varied considerably with the fixation procedure. For example, after fixation with glutaraldehyde, carbodiimide, and ethanol, very intense nonspecific formazan depositions were recorded, whereas Zenker's and Spicer's fixatives caused only weak background staining. Our control experiments indicate that this false-positive staining is mainly due to endogenous placental alkaline phosphatase. Therefore, preincubation with unconjugated avidin to block endogenous biotin (22) did not lead to any significant decrease in 10,11,15,19,43) .
Our results indicate that acid fixatives or fixatives containing mercuric chloride cause the most pronounced inhibition of the endogenous placental alkaline phosphatase. Whether a crosslinking or coagulant fLative is employed is apparently unimportant in this context. That acid fixatives caused a pronounced inhibition of the placental-type alkaline phosphatase may be due to an effect of pH on the stability of the enzyme, as it is known that enzymes may be irreversibly destroyed on one or both sides of their pH optimum (8) . It is also in agreement with the finding that the intestinaltype alkaline phosphatase is inhibited by preueatment of sections with HCI (23) or by fixation with the acid Bouin's fixative (26). That mercuric chloride caused inhibition of the placental-type alkaline phosphatase is not an astonishing finding, because mercuric ions are known to inhibit a number of enzymes (44). However, to the best of our knowledge it is the first time this has been shown for placental alkaline phosphatase.
Although the pronounced false-positive reaction recorded in the syncytiotrophoblast with most of the fmtives can be minimized by adding L-phenylalanine andlor by using a suitable fixative, it seems clear that any subjective evaluation of its contribution to the overall reaction is very inexact. This false-positive reaction can, however, be measured and subtracted by microspectrophotometry or image analysis.
The influence of fixation on the histochemical reactivity of tissue carbohydrates with lectins has been investigated in several studies 16,25.30,34,37-39,41,42) . However, a comparison of these studies with each other and with the present study is difficult, given the many inherent variables. For example, the binding of lectins with different sugar specificity to different cell types in different species has been investigated, and the type of fitives and the fition times varied considerably. Moreover, none of the previous studies quantified the lectin binding. In the present study, we have standardized the experimental conditions. Thus, the carbohydrate lectin interaction was quantified (microspectrophotometry); the binding of lectins with the same sugar preference (N-acetylglucosamine) was compared; the lectin binding to only one cell type (human syncytiotrophoblast) was measured; and the fixation time was the same for all fixatives (24 hr).
Our results indicate that the 13 fixatives had almost the same effect on N-acetyl-glucosamine binding of DSA, WGA, PWM, and LEA. Thus, Zenker's and Carnoy's fixatives gave intense specific reaction, whereas glutaraldehyde, carbodiimide, and ethanol resulted in only weak specific lectin binding. These results are in agreement with the finding of Staward et al. (41) that Camoy's fiuative yields a stronger peanut lectin binding than ethanol. Moreover, our results provide substantial support for the recommendation that mercuric chloride-containing fixatives be used in lectin binding studies (16,17), as they give high specific binding and low background staining. On the other hand, our findings do not agree with the finding of Allison (2) that ethanol is a superior fixative for lectin binding. However, this may only mean that there is no universal or ideal fixative for all tissues and lectins. It is noteworthy that several studies, including the present one, show that aldehyde fixatives at neutral pH, especially paraformaldehyde, are not ideal for lectin binding studies (2,25,30,41) . Moreover, Malmi and M e rstrom (30) observed decreased staining of tissue structures with several lectins after fixation in neutral phosphate-buffered formaldehyde. This effect was often abolished by pepsin pretreatment or by the addition of acetic acid to the fmtives. Nevertheless, we agree with Allison (2) that neutral buffered formalin-saline is adequate, although not ideal, for retrospective lectin binding studies of surgical specimens.
It is intriguing that the fixatives that cause the most pronounced inhibition of endogenous alkaline phosphatase also result in the most intense specific binding of lectins to N-acetyl-glucosamine subunits. This result is not easy to interpret. In theory, it might be that acid-and/or mercuric chloride-containing fixatives are superior in fixing N-acetyl-glucosamine containing carbohydrates per se, or that these fitives might cause the most effective fixation of surrounding proteins, thereby unmasking N-acetyl-glucosamine subunits or stabilizing the carbohydrates against extraction during subsequent incubation procedures.
The absorbance was significantly weaker with GS 11 compared to the other N-acetyl-glucosamine binding lectins. In addition, formal calcium gave a significantly stronger specific staining than the other fixatives. A likely explanation of this is that GS I1 also binds to glycogen, which is in contrast to the other N-acetyl-glucosamine binding lectins (21).
It can be seen from Figure 6 that lectin binding to N-acetylgalactosamine, mannose, galactose, or fucose was significantly higher in sections from tissues fixed with Camoy's fixative compared with formaldehyde and glutaraldehyde. This appears to indicate that acid fixatives are not only superior in respect to N-acetyl-glucosamine binding lectins but may also be preferred in studies of lectin binding to other types of carbohydrate residues. When Figure 7 is compared with Figures 2 and 6, it can be seen that unfixed cryosections revealed a considerably lower degree of lectin binding compared with sections from fixed tissues. With DSA, for example, the specific absorbance is an order of magnitude lower in unfixed cryosections compared with sections from tissues fixed in Zenker's or Carnoy's fixatives. Probably, the carbohydrates in unfixed cryosections are not sufficiently unmasked and/or stabilized against extraction during subsequent incubation procedures.
Although the morphology of sections from glutaraldehyde-fixed tissues was excellent, the specific absorbance due to lectin binding was generally low. Excellent morphology combined with high specific absorbance was obtained only with Zenker's fixative. However, good morphology and a relatively high specific absorbance were obtained with several of the other fixatives, except for ethanol, paraformaldehyde, carbodiimide, and cetyl pyridinium chloride.
In conclusion, a precise quantitative histochemical method for lectin binding in the human syncytiotrophoblast is described. The sensitive biotinylated lectidavidin-conjugated alkaline phosphatase/BCIP-NBT technique can be employed, provided that the falsepositive reaction is subtracted by microspectrophotometry or image analysis. Furthermore, the endogenous placental alkaline phosphatase can be inhibited by adding L-phenylalanine andlor by using a suitable fixative, e.g., Carnoy's or Zenker's. This procedure may be appropriate in future studies of carbohydrate-containing epitopes in the human placenta.
